Severe adenovirus pneumonia that causes acute respiratory failure can occur in infants, children, and immunocompromised patients. However, severe adenovirus pneumonia is rare in adults with a normal immune system. Adenovirus pneumonia may progress to acute respiratory failure in a few hours or a few days, and its clinical course cannot be predicted. In addition, the mortality rate is very high (range, 50% to 66%). However, the optimal treatment of adenovirus pneumonia has not been established. Herein, we report the successful treatment of acute respiratory failure due to adenovirus pneumonia with extracorporeal membrane oxygenation.
INTRODUCTION
Adenovirus infections occur mainly in infants and children; in fact, > 80% of adenovirus infections occur before the age of 4 years. While the clinical course can vary, the majority of cases have naturally improved outcomes. The majority of severe adenovirus infections have been reported in infants, children, and immunocompromised patients [1] [2] [3] . However, there are rare reports of severe adenovirus infection in adults with a normal immune system in both domestic and international military camps and medical institutions [2] [3] [4] [5] [6] . To date, a total of nine cases of severe adenovirus pneumonia have been reported in Korea [2, 4, 7] . Two of these cases were reported in immunosuppressed patients, six in the military, and one in a healthy patient [2, 4, 7] . Three of the nine cases were accompanied by acute respiratory failure and all died with the exception of the one healthy patient [2, 4, 7] . Reports of severe adenovirus pneumonia are extremely rare and sporadic. Despite the high mortality rate, there is no established treatment for severe adenovirus pneumonia. Herein, we report the successful treatment of acute respiratory failure due to adenovirus pneumonia with extracorporeal membrane oxygenation (ECMO).
CASE REPORT
A 24-year-old healthy male with no significant past medical history was admitted to the emergency room with a high fever. Seven days prior to admission, the patient developed a high fever and dry cough. During conservative treatment, the patient's status deteriorated. He developed dyspnea and a cough with blood-tinged sputum and was admitted to the emergency room of this hospital.
There were no abnormal findings in the patient's past medical or family histories. One month prior to admission, he began military boot camp. The patient had a 5-pack-year smoking history and drank a bottle of soju alcohol two or three times per month. On admission the patient's blood pressure was 122/70 mm Hg, pulse 114 beats/min, respiratory rate 22/min, and body temperature 38.8°C. The patient was alert, but he appeared acutely ill. His heart rate was regular without murmurs. There were no specific findings on neck examination; however, rales were present in the left On hospitalization day 7, the patient was diagnosed with acute renal failure and continuous renal replacement therapy (CRRT) was initiated. Chest radiographs demonstrated that the pulmonary infiltrations in both lower lung fields had worsened. Adenoviruspositive results were also obtained on hospitalization day 7. Thereafter, chest radiograph findings improved gradually, and on hospitalization day 16 the patient was taken off ECMO. On hospitalization day 19, both mechanical ventilation and CRRT were discontinued. The patient was transferred to the general ward, and on day 46 of hospitalization the patient was discharged. At the 6-month follow-up, the patient's pulmonary and renal functions were improved. Follow-up high-resolution CT findings showed improvement in ground glass opacities and patchy consolidation (Fig. 2) .
DISCUSSION
There are rare reports of severe adenovirus pneumonia in patients with normal immune systems in the military or medical institutions [1] [2] [3] 6] . More than 50 adenovirus serotypes are known.
Of these 50 serotypes, 3, 4, and 7 are known to cause pneumonia, and adenovirus type 7 is the most virulent [1] [2] [3] . In a study of adenoviruses isolated from Korean military trainees, all adenoviruses isolated from patients with acute respiratory disease were type 7 [8] . To date, a total of nine cases of severe adenovirus pneumonias have been reported in Korea, two of which occurred in immunocompromised patients [7] . Heo et al. [2] reported six cases of adenovirus pneumonia in military hospitals with a fatality rate of 50%. Of these patients, the two whose diseases proceeded to acute respiratory failure died. The fatality rate for severe adenovirus pneumonia overseas is 50% to 66%, similar to the rate reported in Korea [2, 3, 7] . The progression from adenovirus pneumonia to acute respiratory failure varies in duration and ranges from hours to a few days. The clinical course of adenovirus pneumonia cannot currently be predicted [1, 9] . Early chest radiographs in adenovirus pneumonia show lobar consolidation, which is rare in other viral pneumonias and differs from the normal reticulonodular pattern [9, 10] were treated in the ICU, 36% of whom developed acute respiratory failure. During this period, a large number of patients with respiratory failure underwent ECMO treatment [12] [13] [14] . Bonastre et al. [13] proposed the use of ECMO to treat refractory respiratory failure caused by H1N1 infection. Low et al. [3] used ECMO to treat severe adenovirus pneumonia and suggested the use of ECMO if mechanical ventilation alone was insufficient.
In conclusion, antiviral drug therapy for severe adenovirus pneumonia has not been established. We report a case of acute respiratory failure due to severe adenovirus pneumonia successfully treated with ECMO, and suggest the use of ECMO and viral diagnostic studies in cases of acute respiratory failure in addition to mechanical ventilation.
